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PREFACE. 



Since the great Exhibition of London in 1851, and that of JIadras 
in 1857, there have been several reports published on the Timbers of 
India and Burmah, which have afforded much valuable information on 
many points ; but they are still wanting in respect to the nature and 
strength of the different woods — a subject, which is of much importance 
to the Engineer and practical man, and which has engaged the atten- 
tion of some of the most eminent Mathematicians and Engineers of 
Europe for the last two centuries. 

I felt reluctant at first to carry out the experiments from the idea 
that they should be undertaken by persons more competent than 
myself; but I was encouraged to do it by Colonel Maitland, whose object 
it has been, since he assumed charge of the Department, to diffuse as 
much general knowledge among his Subordinates as will tend to the 
advantage of , the State and their own efficiency ; giving me every assist- 
ance, and allowing me to have access to his Library for books of 
reference. 

I have also to acknowledge the valuable assistance afforded me by 
Mr. G. Shannon, the Draughtsman, for the execution of the Plates in the 
volume. 

In calculating the strength and stress of the different woods, I con- 
sulted Barlow's *' Strength and Stress of Timber," andTnEDGOuys " Ule- 
mentary principles of Carpentry ; " and I have adopted the latter 
author's form, from being more simple and concise in the operation. 

For the description of the different trees, I consulted Voigt's 
" Hortus Suhurhanus Calcuttensis,*' and Major H. Drury^s " Useful 
plants of Indiay I have borrowed largely from the latter author, the 
description of such trees as I have not seen, and I have followed his method 
of arranging the Botanical names alphabetically, as being more convenient 
for reference. I consulted the same author for the Synonyms— also 
Dr. E. Balfour's work on the " Timber treeSy (fee, of India, and of 
Eastern and Southern Asia" and Dr. Brandis' ^'List of Burman woods ^'^ 
lately published. 

W. T, S. 
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Bl Blume, (C . L.) Flora Javanensis. 

BucH Dr. Francis Hamilton, formerly Buchanan, whose 

''Journey" MSS., and Herbarium, are well known 
among Botanists. 

Choisy A Swiss botanist, who elaborated several of the Natural 

Orders for DeCandolle's Prodromus. 

CoK Correa, fF.) de Serra, a Botanical writer. 

D. C DeCandoUe, (A. P.) Prodromus Systematis Naturalis 

Regni Vegetablis. 

Don, (G.) Editor of a new Edition of Miller's (Gardener's) Dic- 
tionary, 4 vols. 4to. 

Dun Dunal, (Mich. Felix.) 

GoBRT Goertner, (J.) de fnictibus et seminibus plantarum, 

2 volumes 4to. 
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K<EN Koenig, a Danish Botanist, Physician to the Tranquebar 

Mission in 1768. 

Lam Lamarack, (J. B.) Editor to the botanical portion of the 

Encyclopcedia Methodique (Enc. Meth.) Paris 1783. 

Linn Linnaeus. The founder of Botanical Science. His prin- 
cipal works are Species plantarium (Linn. Sp,) Man- 
tissa plantarum (Linn. Mant.) Flora Zeylanica 

(FL Zeyl.) His son published a supplementiun plan- 
tarum. 

Lour Loureiro, Flora Cochinchiensis, 1 volume 1790. 



VI 

Pers Persoon, (C. H.) Synopsis plantarum. 

R. Br Robert Brown. The most famous of English Botanists- 

Retz Observationes botanical, 1 774. 

Bhebde Author of the Hortus Malabaricus^ 12 volumes folio^ 

16S6— 170.3. 

Both (A. W.) Author of Nova plantarum species prsesertim 

India) orientalis. 

EoTTL Bottler, (Dr.) An Indian Botanist for along time resid- 
ing at Tranquebar. 

Box Roxburgh, (Dr. W.) One of the most indefatigable of 

Indian Botanists. His principal works are Flora 
Indica (FL Ind,), 3 volumes. An edition was pub- 
lished by Carey and N. Wallich at Serampore (ed. Car.) 
Plants of the Coromandel Coast, (Cor.) Hortus Ben- 
ghalensis. He left behind him also drawings of plants 
in the East India Company's Museum, (E. I. C. Murs.) 

RuMPH Rumphu Herbarium Amboinense. 

ScHOTT A traveller in Brazil . 

SaiuLT Schultes (J. A.) and Roemur, (J. J.) authors of LinnoDi 

systema vegetabilium. 

Spreng Sprengel (Professor) Systema Vegatabilium. 

Thumb Thumberg, (C. P.) Flora Japonica. 

Vahl Vahl, (M.) Symbolae botanies. Enumeratio plantarum. . 

Vent Ventenant, (S. P.) A famous French Botanist. 

Wall Wallich, (N.) Plantae Asiaticae rariores. Tentamen 

Florae Nepalensis. 

Wht Wight's and Arnott's Prodromus Florae Peninsulae India3 

orientalis. 

WiLLD Willdenow, (C. L.) Linnaei species plantarum. 
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INTRODUCTION. 



Timber, according to the common acceptation of the word, is the 
hard or ligneous tissue contained in the stem, branches, and roots of 
trees, and from the peculiar structure of the stem and the manner of 
growth, Botanists have distinguished them as Exogenous, Endogenous, 
and Acrog&aous stems ; the two first are chiefly timber-producing trees. 

The stem of exoo^enous trees consists of a number of concentric 
layers, and it increases in diameter by the addition of a new layer be- 
tween the last formed wood and the bark, which is supposed to take place 
every year, and by which its age may be ascertained to an approximation^ 
In the young plant, it consists of the pith, medullary sheath, medullary 
rays, and the cambium layer. 

The endogenous stem differs from the exogenous in the arrange • 
ment of its parts, consisting of cellular tissue, interspersed with vascular 
bundles, and there is no distinction of parts like the exogenous stem, it 
has no bark, no concentric layers, and no medullary sheath, as in the 
stem of a palmyrah tree. This stem once formed, hardly increases in 
diameter, from the outer parts not being extensible, the central portion 
is the yotmgest wood, in which the cellular tissue predominates, and as we 
approach the circumference, the parts are more and more compact, having 
more of the woody fibre and less of the cellular tissue,, the outer part is 
the hardest and most dense — this is called the ripe-wood ; in the Palmyrah* 
H is dark brown ; and in the Cocoanut, it is of a dark red color. — {Fig, U 
Plate 1, is the transverse section of an endogenous stem.) 

The pith is composed of purely cellular tissue, audit occupies a 
large place in the stem of young trees, and as the- age of the tree increases, 
in some it gets compressed by the surrounding layers, in others it decays,, 
and the stem becomes hollow in the whole length. The medullary sheath 
is a tube of fibro-vascular tissue, immediately surrounding the pith, com- 
posed of spiral vessels and ducts, wliich convey the nourishment to the 
leaves and flowers, and it is said to be the origin of the veins in leaves. 
The medullary rays are composed of cellular tissue, diverging from the 
pith, and dividing the stem into wedge-shape plates, and it is the medium 
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by which the sap is conveyed from the leaves to the internal tubes and 
ducts. The cambium layer is the last concentric zone, between the last 
formed wood and the bark ; it is generally of % light green colour, com- 
posed according to Dr. J. H. Balfour *' of mucilaginous semi-fluid matter/* 
originating from the descending sap, it forms the wood and the inner 
bark ; and, according to the same author, " may be regarded as constituting 
the active formative tissue of Dicotyledonous stems/* 

The wood is formed in the first or second year of a plant, composed 
of ligneous tissue and ducts, giving out a layer every year : in its prime, 
the vessels are filled with fluid, as the age increases, those layers that are 
nearer to the pith, become gradually compressed by the surrounding ones, 
and the passage of the ducts are also obstructed by earthy and other 
deposits, so that the texture of the several layers from the pith to the 
bark is difierent ; those that are nearer to the centre are harder and 
denser than those that are more remote : this difference of texture in the 
woody tissue has given rise to the distinction of heart-wood or duramen, 
and sap-wood or alburnum of Botanists.— (Fi^. 2. Plate 1 is a section of 
an exogenous stem, where A B is the heart, and B G is the thickness of 
the sap-wood.) 

The sap is the last-formed wood in a tree ; in some it is soft and 
spongy, in others it is dense and hard ; the colour also, with few excep- 
tions, is different from the heart, generally white or some shades of it, 
from its containing a great deal of cellular tissue and fermentable' sap, 
it rapidly decays, and is subject to worms ; unless it is seasoned in water 
or by some other process, when it becomes durable for a time. The 
amount of sap-wood, in proportion to the heart, is different, and it de- 
pends on the nature and age of the tree, and the nature of the soil ; the 
trees in which it takes a long time before the heart is formed, have 
more sap than those in which the heart is sooner developed. Young trees 
have more sap than mature ones ; some writers assert that in mature 
trees there is no sap-wood. I have seen superannuated trees, in which 
the heart-wood was decayed by age, leaving the boles a mere shell, with 
the bark sap-wood, and a portion of the heart attached all round the 
inside, and these are still existing, and yearly yield flower and fruit in 
their proper season. 

The heart of the tree is the most durable part of the trunk, and it 
gives not only strength and stability, but it also maintains a part in 
the internal economy, and contributes to a certain age iti common with 
the other organs, to the nourishment of the tree. The age in which it 
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begins to form, varies in different trees : in the knotted Cassia 
( Cathartacarpus Roxhurghi) it takes from five to six years in good soil ; 
whereas, in the Tai^arind, it takes from forty to fifty years ; the transition 
of the sap into heaii-wood is not effected in the same way in all trees ; in 
some (as in Fig. 3) it is gradual, commencing from the hottom, at the parts 
immediately surrounding the pith, till each succeeding layer of sap- 
wood is changed, as in the Terminalias, In others, the change is irregular, 
occurring at several parts of the trunk, in blotches, at the same time, 
{Fig- 4) which gradually enlarge, and eventually unite, ks in the Cono- 
carpus and Ebonaceous trees. In trees where the heart is slowly deve- 
loped, it is in general small, in proportion to the sap. 

The heart-wood differs in colour, in different trees, and is some- 
times beautifully variegated and mottled ; in the Soyameda febrifuga, 
the heart is red, in the Satin, yellow, and in the Dalbergias and Ebo- 
nies, it is either dark-brown or black. 

The different degrees of hardness depends on the nature of the 
wood, but the different degrees of hardness, of the same species is owing 
to the nature of the soil, and the locality of its growth ; trees growing 
in loose soil, near banks of rivers, are of quick growth, and usually 
possess robust trunks ; but the wood is found to be softer, and inferior 
in texture to the wood of those which vegetate in stiffer soil, where 
the growth is slow, and the trunk of small diameter. 

In some trees the wood contains resinous or oily secretions, which 
tends to their durability, as in the Pine, Teak, and wood-oil trees. 
Some yield valuable dyes, as the Sappan, Logwood, Morindas, and 
Pterocarpus* ; and some are noted for their fragrance, as in the yellow 
and red Sanders, Aloes-wood, Sasafras, and Camphorwood. 

The heart-wood, is not always sound, even in trees that have not 
attained their maturity, some of them are either hollow or shaken ; 
the former is attributable to the decay of the pith, and from trees 
that have grown from cuttings; and the latter, to the effect of strong 
winds twisting the trees; in sijch there are generally found in the 
whole extent of the stem, large deposits of indurated calcareous earth, 
and in some, the cradks and shakes are filled with fine chalky powder ; 
this is generally found in Teaks ; in Saul and Peddowk, lumps of 
dammer are found in the hollows. 

As to the age when the heart is fully ripe, and the tree sufliciently 
mature for felling, no rules or data can be laid down, as this can only 
be acquired by the experience of a forest life ; but as an approximation, 
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it may be ascertained by boring a small bole in tbe trunk, so as to 
ascertain the thickness of tbe sap, which, compared with the diameter 
of tbe trunk, the proportion will be suflBcient guide to any one who has 
some experience in timber. And as to the time of felling, it is a com- 
mon saying of the natives, that no tree should be felled at the moon's 
conjunction, and if they are felled at this time, tbe timber will not be 
durable, but be subject to worms ; the best time considered by them is, 
when the moon has passed her second quarter during the cold season. 
After a tree has passed its maturity ,-tbe vessels in the heart-wood cease 
to perform their functions, from being choked up by extraneous deposit, 
or ruptured by the compression of the surrounding layers, the wood 
then deteriorates and becomes brittle, and when a piece of it is 
broken, the fractured part will present irregular granular masses, 
instead of good fibrous splinters; the change gradually takes place 
from the bottom of the tree, and progresses upwards till the whole is 
effected, and eventually decay takes place, commencing at the centre, 
and works its way outwards till it leaves tbe trunk nearly destitute of 
any heart-wood* 

The strength of the wood in a tree, chiefly depends on the age, 
^nd the nature of the soil on which it grows ; the ripe heart-wood of a 
full grown tree is stronger than that of young, or very old ones : in the 
former it is weak and flexible, in the latter, it is fragile, possessing 
little elasticity ; trees growing on hard or rocky soil have stronger wood 
than those which grow in localities where the soil is loose and sandy : 
the strength of the wood also varies in the different parts of the trunk 
in immature trees, the wood is stronger at the bottom than at the top, 
and those which have passed the proper age, the wood at the bottom is 
more brittle than the upx)er parts of the trunk. 

The strength even varies in tbe several concentric layers, the wood 
at the centre is more brittle than in any other part of the diameter ; 
whereas, "the layers nearer to the sap is less stiff; and it has been 
ascertained by experiments, that have been tried at the Gun Carriage 
Mai. Olfactory, that the layers which are situated about J- from the centre, 
or f from tbe sap is the strongest wood in mature trees. The state of 
the wood also affects its strength ; if it is green and unseasoned, it is more 
flexible and weak, and if too dry, it becomes brittle ; two pieces 3 feet 
long, li inches square, were cut from the same scantlmg, free from knots 
and other defects, and tested with reference to their transverse strength 
and direct cohesive power, one in its unseasoned state, and the 
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other after six months seasoning ; the first stood 14 half CTfts. or 784 lbs. ; 
the latter stood 1,120 lbs. : the cohesive power of the unseasoned wood 
was 9,158 lbs., whereas the seasoned wood stood 17,450 lbs. to the 
square inch. 

The strength even depends on the direction of the grain ; pieces 
that have the grain running straight and extending the whole length, 
are stronger than those which have the course of the grain interrupted 
by knots or bends, or those that have the grain running obliquely, and 
when a piece is subjected to a breaking weight, it will sustain more, 
when the direction of the weight acts in the plane of the layers, {Fig. 5, 
Plate 1) than when it is at right angles to them. {Fig, 6.) 

It has also been ascertained by experiments, that cloven timber is 
stronger than when it is sawn ; the cause is obvious from the cleavage 
following the direction of the grain, keeps the fibres continuous ; whereas, 
in sawing, unless the piece is straight, the direction of the grain cannot 
be followed up by the saw, and more so, when a straight piece is required 
to be cut from a crooked log, in which case the fibres will not be con- 
tinuous to the end, but terminate intermediately, and thereby lessening 
the strength, the weakest point will be at the termination of the fibres. 
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All timbers after being felled must be seasoned in log for some 
time; for should a log be cut up into half-wroughts in an unseasoned 
state, the scantlings will more or less warp and crack. The time of 
seasoning in log varies according to the nature of the wood ; those that 
are hard and compact, will take a longer time than those that are open and 
coarse-grained. Saul takes from four to five years to season ; whereas 
Teak from two to three years. Some English writers recommend that 
a log after being felled, should be immediately dubbed or rough squared, 
atid then stowed off under a dry shelter to season ; this process will 
eartwily facilitate the seasoning and may answer in a climate like 
England, and it may ^nsmer for some of the soft timbers even in India ; 
but some of the harder ones will stand a risk of cracking to such a 
degree during the process of seasoning, especially when the hot winds 
prevail, as to incur a great waste, when it comes to be cut up. 

It is therefore necessary to leave the bark on the logs for a couple 
of months after felling, and then rough -square them,, as round timbers 
are more liable to crack than squared ones, or which is better, after 
the log is felled and rough-squared, let it season in water for a month 
er six weeks, and to facilitate the seasoning, it was recommended by 
the Superintendent, Colonel Maitland, " to split the logs in two" and 
then throw them into the water to season, afterwards they can be 

c 



1 



Z SEASONING OF TIMBER. 

removed to season under cover, or in the open air. This process not only 
prevents the wood from cracking to any great extent, and quicken the 
seasoning ; it also imparts a degree of hardness, even to the sap-wood, and 
renders it impervious to worms. I have known natives in up-countries 
to fell a tree, and immediately to cut it up into the required scantlings 
and throw them in a tank, or imhed them in mud for four or five weeks, 
and after a couple of weeks drying, to use them. 

"When logs are laid up to season, they should be stacked in tiers ; 
the stacks should not be raised unnecessarily high, as it will entail 
much labour in extracting a log, and much space will have to be taken 
up if they are low ; every stack should consist of from four to five tiers, 
according to the size of the logs. The following method is practised 
at the Gun Carriage Manufactory : — After the logs are numbered, measur- 
ed, and registered, the highest ground is selected for a site, from which 
grass and weeds are cleared off, and levelled ; then two wooden sleepers, 
from 6 to 8 inches in depth (and more if the ground is yielding) are 
laid down, at a parallel distance of less than the length of the logs, 
and the length of the sleepers are a little more than the length of the 
stack ; the first tier is laid at right angles to the sleepers, and every 
succeeding tier is placed at right angles to the one upon which it rests, 
and a space of a few inches is allowed between each log, to allow a free 
circulation of air : there should be ample space around each stack, for 
the purpose of taking out any log that may be required, and every log 
should be accessible for inspection. 

When logs are sufficiently seasoned and cut into half-wroughts, 
they cannot be immediately u%ed, as the wood will still retain a portion 
of moisture that requires to be evaporated ; it should therefore be kept 
up to season for a further period. In cutting the half-wroughts, they 
should be cut a little larger every way than the required dimensions, 
to provide against shrinkage and cracks; the amount of excess will 
depend upon the nature and the state of the wood when cut, and the 
size of scantling : for scantlings that are under 6 inches, an excess from 
I to J of an inch in thickness and breadth, and from 3 to 6 inches in 
the length will be sufficient ; for scantlings above that size, an excess of 
J inch will be sufficient in breadth and thickness, and from 6 to 12 
inches in the length. 

Before the half-wroughts are stowed off to season, the ends should 
be protected, to prevent them from cracking. The practice in the Manu« 
factory is to have thp ends plastered with a composition of two parts o 
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cow-dung to one of clay, and when the plaster is perfectly dry, they are 
stacked up to season. In stacking the half-wroughts, it should be carefully 
observed that there is sufiicient space between each half-wrought, and bet- 
ween each tier, to allow a free circulation of air ; the first is done by 
placing the half-wroughts from ^ to 1 inch apart, and the second by 
inserting two slips of wood, from i to i inch in thickness, between the tiers. 

The time of seasoning in half-wroughts depends on the nature of 
the wood and the size of scantling, some woods season sooner than 
others. Tredgold observes, that a scantling is suflSciently seasoned, 
when it has lost ^ of its weight Duhamel and others, from their 
experiments, think it is not sufficiently seasoned, eppecially for joinery, 
until it has lost -^ of its weight. Teak-wood scantling, from 3 to 6 
inches in depth, takes from six to twelve months to season, and from one 
to two years for jfcantlings up to 12 inches. Saul- wood scantling, under 
3 inches, takes twelve months, and from 3 to 6 inches two years, and 
from 6 to 12 inches it takes two to four years to season. As Saul-wood 
takes a long time to season, to hasten it an experiment was tried by 
boiling the wood in tannin water, it proved successful ; but the time 
gained did not compensate for the expense and amount of labour it 
entailed ; moreover, according to Mr. Tredgold, steaming or boiling 
impairs the two most essential qualities in wood, viz., its strength and 
elasticity-, the two necessary requisites in the construction of Ordnance 
Carriages. 



ON THE PRESERVATION OF TIMBER. 

On the preservation of timber, its durability greatly depends, and 
if the surface is left unprotected, from the porosity of its nature it is 
subject to hygrometical changes, which has an injurious effect in split- 
ting the wood and making it liable to premature decay, especially in 
a country like India, where it has to stand extreme heat and dryness for 
a greater part of the year, and the heavy rains which are also accom- 
panied with heat, and the heavy fogs which are immediately succeeded 
by a powerful sun ; it cannot be expected that even the best seasoned 
timber could stand this alternation of moisture and heat without 
splitting, in many instances followed by symptoms of approaching decay ; 
for " warmth and moisture,'* observes Mr. Tredgold, " are the most 



4 ON THE PRESEKVATION OF TIMBER. 

active causes of decay.*' It has also been observed, that naked woods 
suffer much during the foggy months of January and February; and 
in the hot months of May, June and July, even painted woods are not 
exempt from cracking. To prevent these injurious effects, the surface 
is generally covered by a coat of some medium, so as to fill up the pores 
and render the wood impervious to moisture, and for works that have 
to be exposed to the action of the weather, a thick coat of paint, or a 
mixture of pitch and tar, has been found sufficient to protect the surface, 
provided that the wood is well seasoned, otherwise the confined sap in the 
wood having no way of escape, will putrify and hasten its decay. 

Different methods have been proposed for the preservation of 
timber ; it is said of the Dutch, that for all their out- door works, which 
have to stand the effect of the weather, such as draw-bridges, sluices^ 

and other works, they coat them with a mixture of pitch and tar, upon 
which are strewn pounded shells, mixed with sea sand, or the scales of 

iron from a blacksmith's forge, beaten small and sifted. Mr. Tredgold 
says that sanded-painting, that is, strewing particles of fine sand upoa 
the painting before it is dry, is much more durable than common 
painting ; and another method Mr. Temple recommends in his work on 
aquatic buildings, and which is approved of by Mr. Tredgold, he pro- 
poses to subject the timbers to a scorching heat of wood-fire, and while 
still hot, rubbing it over with a mixture, in a heated state, of linseed 
oil and tar in equal parts ; this mixture, it is said, will penetrate an inch 
or more into seasoned wood, and render it hard and durable. A mix- 
ture of asphalte, with a small portion of lamp-oil, has aUo been found 
a good protection for woods of water works, when they are alternately 
exposed to moisture and heat. The natives have a practice of charring 
the ends of such woods, which have to be fixed in a wall, and smearing 
it with a mixture of tar and oil, which renders them not only durable, 
but it is also a good preventative against the ravages of white-ants ; 
they have also a practice of smoking woods, by hanging them over a 
chimney fire for a time, and I have even seen bamboos rendered 
durable by this process. 

Kyan's process of saturating timber in a solution of corrosive subli* 
mate, is au effectual method of rendering it durable and efficacious 
against insects ; and an experiment was tried at the Gun Carriage Manu- 
factory on some Europe and country woods, which 'are known to be 
greedily devoured by white-ants ; these were afterwards exposed in 
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places much infested with them, and after a lapse of a full year they 
were found to be untouched. 

Saturating timber in oil has been found effectual against worms 
and white-ants ; the application of Gurgun balsam, or wood-oil> is 
used in India for the protection of building timbers, such as beams and 
joists ; and a mixture of vegetable wax, with a small portion of nitric 
acid, in proportion of 25 lbs. of the former to an ounce of the latter, was 
tried at the Arsenal of Fort Saint George on woods, and found to secure 
them from the attack of white-ants. I have also known the applica- 
tion of lamp-oi^ to render wood exempt from their attacks : and since 
worms and insects have an aversion for bitter woods, I think, as an 
excellent protection against them, to heat the wood, as in Mr. Temple's 
process, and smear them over with Nim or Margosa oil ; and to render 
the oil dry, mix it with a small portion of litharge ; it will be cheaper 
and as effectual as Kyan's or any other process. 

It is necessary to observe that whatever may be the medium used 
to protect the surface of woods, unless it is occasionally renewed, it 
cannot be expected that it will always retain its pristine nature, and 
answer the purpose for which it is intended, from the materials of the 
composition themselves being of a more perishable nature than wood. 



ON THE STRENGTH OF TIMBER. 

All timbers used in Engineering and in the Mechanical arts, are 
subject to several strains, according to the direction of the force to 
which the scantling is exposed, its position, and in the manner it is 
supported or fixed ; and there are three which frequently come under 
the notice of the Engineer and Mechanic. 

Ist Direct or Tensile strain, — ^When a force acts in the direction 
of the grain, so as to tear the fibres asunder, as in king-posts and 
tie beams. 

2nd. Compression or crushing force, — ^When the force acts in the 
direction of the grain, so as to crush the fibres of the wood together, as 
in posts and struts. 

3rd. Transverse strain.^Wheu the force acts perpendicul^ly or 
obliquely to its length, so as to break it across, as in rafters and beams 
of flat roofs. 



ON THE DIRECT COHESION OF TIMBER. 



ON THE DIRECT COHESION OF TIMBER. 

The strength of timber to resist a strain, in the direction of the 
length, is directly proportional to the area of the transrerse section^ 
and the direct cohesive power of the fibres : tbe cohesive power of the 
wood is the greatest in the direction of the fibres, and it has been found 
that the straighter the grain of the wood, the better it resists rupture ; 
fibrous woods resist better than those that are dense and close-grained. 

My experiments for the direct cohesion of timber were made with 
the same kind of apparatus, as given in Bariow's work, {see Plate 3) 
and the specimens were of the same dimensions as gi^n by him, the 
middle part was correctly turned down -^^ and some of the stronger 
woods J of an inch in diameter to 1 inch in length ; every specimen was 
accurately gauged before being tested. The experiments were conducted 
under my own supervision, and the formula was calculated by myself. 

Experiments on the direct cohesion of the following woods : — 



&4 CO 

I s 

$25 



1 

2 
3 

4 
5 

6 

7 



Names of the Wood. 



Rose or Blackwood. 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



do. 
do. 
do. 
do. 
do. 
do. 






o 



1 Baubool. 



2 
3 
4 
5 



Do* 
Do. 
Do. 
Do. 



1 
2 
3 

4 



Pawoon. 

Do. 

Do. 

Do. 



• °. • •<« • I 



•0706 
•0706 
•0706 
•0706 
•0706 
•0706 
•0706 



•0706 
•0706 
•0706 
•0706 
•0706 



•0706 
•0706 
•0706 
•0706 



•4^ 



OQ 



^ 



f § 



1,456 
1,344 
1,792 
1,232 
1,456 
1,512 
1,232 



1,120 
1,456 

784 

1,680 

896 



1,904 
1,792 
1,792 
2,016 



20,623 
19,036 
25,3dS 
17,450 
20,623 
21,416 
17,450 



15,864 
20,^3 
11,104 
23,796 
12,691 



•- 2 



OQ 

4) >H ;=; 



1^ 



>- 20,283 



(J 



26,968 
25,382 
25,382 
28,555 



1 






16^815 



26,571 



OK THE Transverse strength. 7 

To determine the direct cohesive power of any timber. 

EuLE : — Multiply the area of the transverse section by the tabular 
value C, of that particular wood, and the product will be the weight — 
I of the product is used in practice. 

What weight will it require to tear asunder a king-post, made of 
Trincomallee wood, 6 " X 3 ' ? Tabular value of C being equal to 26,704, 
area of section 18 inches.— (26,704 X 18)==480,672. Ans. in lbs. 

Determine the diametej of a rod of Jack wood which will sustain 
a strain of 10 tons, when the strain will be in the centre of the trans- 
verse section. Let d represent the diameter of the rod. 

Tabular value of C = 16,420. No. of lbs. in 10 tons = 22,400, 
four times this used in practice = 89600. 

J5^) =2-63 inches. 



d =VVi6,' 



ON THE TRANSVERSE STRENGTH. 
The strength of timber exposed to transverse strain is — 

IsL — Directly proportional to the breadth, that is, if two scant- 
lings of different breadth, one 3 and another 6 inches, having the other 
dimensions equal, the strength will be as 1 to 2. 

2^cZ.— Inversely proportional as the length, that is, two pieces of 
the same breadth and depth, but different in length ; say, the one 3 feet 
and the other 9, the strength of the former to that of the latter will 

be as 3 to 1. 

Qrd^ As the square of the depth, that is, if the scantlings are 

of the same length and breadth, but varying in depth, say one to be 
2 and the other. 3 incHes, their strength will be as 4 to 9. 

When a beam is exposed to transverse strain, whether that strain is 
exerted in the middle or distributed over the whole length, it is resolved 
into two other forces, producing different results, the one tearing and 
the other compressing the parts of the wood at the point of fracture, (as in 
Fig. 1 , PTate 2, A B C D represents a beam, supported at both ends, and 
under the effects of a fracturing force ; it is evident that when the beam 
is deflected, the fibres in the lower parts will be in a state of extension, and 
the line DC will be longer than F G or A B, and as the deflection 
iiicreases, the line D C gets more and more elongated, till the fibres 
are ultimately torn asunder, as in 6, c,d, e ; while the upper triangular 
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)>OTtion a, b, c, from compression breaks short, as if separated by a 
saw ; the line of separation of these two forces, or that part where 
the effects of these forces are equal, is called the ** neutral axis or 
plane." Barlow and others have found it to be from ^ to ^ of the depth, 
in beams supported at one end, and loaded at the other, and f of the 
depth in beams supported at both ends, and loaded in the middle. In 
my experiments I have found it about f of the depth in very fibrous 
woods, and from ^ to | in those that were less fibrous ; but in brittle 
woods it could not be distinguished. 

My experiments were made with pieces, supported at both ends, 
3 feet in length or 2 feet 10 inches within the supports, and 1^ inch 
square, and some 2 feet long or 22 inches within the supports, and 1 inch 
square, and the weights used were half cwts. or 56 lbs. ; the deflections 
were accurately taken with a decimal scale of brass inserted in a 
groove of a horizontal iron bar and sliding very freely, {see Plate 4). 

Experiments on the elasticity, stiffness, and transverse strength of 
the following woods : — 
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ON THE TRANSVERSE STRENGTH. 9 

The following formulsB, for finding the transverse strength of beams, 
are taken from Tredgold's, where the length is taken in feet, the breadth 
and depth in inches. If Z is the length, b the treadth, and d the depth, 
^ the breaking weight, and P the co-efficient for comparative strength, 

Ist: — For a beam that is supported at both ends and loaded in 
the middle, the formula is thus expressed. 

W = -7— P. 

Kule: — Multiply the breadth by the square of the depth, and that 
again by the co-efficient for comparative strength for the particular 
wood, and divide the product by the length, the quotient will be the 
breaking weight 

Find the weight that will break a scantling of Ven Teak, which is 
6 feet in length within the supports, 4 inches broad, and 5 inches deep 

^^*iLil- X 619 = 10,316§ lbs. 

2nd. — ^When the beam is supported at both ends, and the load 
is uniformly distributed over the length, it will break with twice the 
weight. 

What is the ultimate strength of a Saul wood bressummer, which 
is 20 feet within the supports, 7 inches broad and 12 inches deep, the 
weight to be uniformly distributed over the length p The co-efficient 
of comparative strength for Saul-wood is 880. 

W = 2^ X 880 = 88,704 lbs. 

3rd. — When a beam is fixed at both ends and loaded in the middle, 
its strength will be to that of a beam merely supported at the ends as 
3:2thatis, 

W=,(^P.) 

Rule: — ^Multiply the breadth into the square of the depth, and that 
again by tbe co-efficient for comparative strength of the particular wood 
tiiree times, this product divided by twice the length, will give the break- 
ing weight. 

What weight will break a Venga wood beam fixed at the ends and 
12 feet within the supports, having a trans verse section of 6 inches 
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breadth and 8 inches in depth P The co-efficient for comparative 
strength for Yenga wood is 868. 

W = -^(iAlLx 868)- 41,6&tlbs. 

Ath.—Yihen a beam is fixed at both ends, and the weight uniformly 
distributed over the length. 

w =^ p. 

Rule: — Divide three times the product of the breadth, square of 
the depth, and the co-efBcient for comparative strength of the particoLar 
wood by the length. 

What weight will break a joist of Thingan wood, being 14 feet 
within the supports, 3 inches broad and 5 inches deep ] The. co-efficient 
of comparative strength for Thingan is 706. 

Yf J (sx&« ) ^ 706 = 11,346 lbs. 

6th. — ^When the beam is fixed at one end, and the load applied at 
the other, its ultimate strength will be — 

bd* 

W = —T. 

BuLE : — ^Multiply the breadth into the square of the depth, and that 
again by the co-efficient for comparative strength of that particular wood, 
the product divided by four times the length will give the breaking weight. 

What weight applied at the end will break a Baubool scantling pro- 
jecting 5 feet from a wall and 1} inch square 1 The co-efficient for compa- 
rative strength for Baubool is 884. 

W = ^^^- • X 884 = 149,'„ lbs. 

6th ^ — ^When the beam is fixed at one end, and the load uniformly 
distributed over the length, its strength will be double that of the above. 

What weight, if uniformly distributed over the length, will break a 
piece of Margosa or Nim wood, 4 inches square, fixed in a wall, and pro- 
jecting 8 feet ^ The co-effioient for comparative strength for Margosa 
is 720. 

W = l^ X 720 = 2,880 lbs. 
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7th. — ^Whea the beam is supported at the ends, and the load applied 
to any i)art, its ultimate strength will be 

w = --7- P. 



a-e 



Where a and c {Fig. 2, Plate 2) are the distances of the point of 
application of the load from the points of support, then a+c = AB=Z 
the length : the formula expressing the strength is thus deduced. 

If a load W is supported by two props, the pressures on A and B 

• will be 

as Z : c : : W : pressure on A. 

e vr 

Pressure on A = j ' 
as Z : a : : W : pressure on B. 

_ W a 

I Pressure on B = j — - 

Now if we conceive two weights equal to these pressures to be 
placed on the beam at A and B, and a fulcrum to be placed at W, it is 
manifest that the beam will be subject to the same strains as before, for 
the three forces acting at A ^ and B in the last case, are equal to the 

three forces acting in opposite directions. But in the last case ~^ act- 
ing at A will manifestly prpduce a strain on the fulcrum at W pro- 
portional to the weight multiplied by the arm of the lever (a) that is 

equal to ^' ^' ^' equal also to the pressure on B which serves to 

balance the pressure at A, hence if W and I are given, the strain is pro- 
portional to a X c, and is the greatest, when W acts in the middle of 
A B {vide Cape, Article 192, Prob. 5, Statics) since the strain is pro- 
portional to a X c it will vary as —-^ and substituting this for the 
length, in the general formula, the equation will be ^ ^ = -^-^ — hence 

lb d^ jp 2 b d^ 

BuiiE : — Multiply tc^eth^ the breadth, square of the depth, and the 
ob-efficient for comparative strength^ twice this produ^ divided by the 
product of the di^taiy^es of the two extremities from the point of appli« 
cation of the load, the quotient will be the breaking weight. 

What is the ultimate strength of a Peemah scantling 8 feet withiu 
the support^; and haying a transverse section of 4 inches in breadth 
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and 6 inches deep ? Suppose the load to act at 2 feet from one ex- 
tremity. The co-efficient for comparative strength for Pj^mah is 692. 

W = -4x2 X *^* = 16,608 lbs. 

6th. — To determine the strength of a beam inclined to the horizon 
fixed at one end and loaded at the other. 

In this case the beam is not effected by the whole force, for if 
A B, {Hg. 3, Plate 2) represents a beam \rith a weight W acting at its 
extremity, make B c equal to the weight, and draw a c perpendicular 
to A B, the force B c is resolved into two, one in the direction of A B 
equal to ab, and the other in the direction of a c, the line a c will 

be equal to the fracturing force, putting y as the angle a c B or B A W, 
we have, as 

W : a c : : 1 ; cos. y. 

Hence the strength according to the general formula will be — 

EuLE :~-Multiply together the breadth, square of the depth, and the 
co-efficient for comparative strength, this product divided by four times 
the length multiplied into the cosine of the angle of the slope, will give 
the breaking weight. 

What is the utmost strength of a crane jib of Teak wood, the length 
being 10 feet, breadth 4 inches, and depth 6 inches, the angle of the 
slope being 36**. *? 

W — 1 Ox. 80902 X ^^ = 3,622 lbs. 



ON THE STIFFNESS OF TIMBER. 

Stiffness is defined as that property in materials, by which they resist 
flexure, under a certain amount of force, and a beam of timber is said to 
be stiff, or flexible comparatively, according to the amount of deflection 
produced with a given weight : if two scantlings of equal dimensions are 
subjected to the same pressure, under the same condition, that which has a 
greater bend, is said to be flexible, and the other stiff ; the force which 
restores a beam to its original condition is called its elasticity. 
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The following is taken from Mr. Barlow's work : — 

Beams of equal length, and varying in breath and depth, the deflec- 
tion will be directly as the weight, and inversely as the breadth and cube 
of the depth. And it has been found by experiment that when a beam 
is subjected to a bending force, the amount of deflection, to a certain 
limit, is directly as that force. 

If the length vary, and all the other things being the same, the de- 
flection will be directly as the cubes of the lengths. 

From the above proportion the deflection is directly, as the weight, 
and the cube of the length, and as the breadth, and cube of the depth 
inversely, that is the elasticity. 

E =^ JJTs inches. 

Where W is the weight, I the length in feet, and b the breadth, d 
tiie depth, and 8 deflection in inches. 

Beams of the same length, and with equal transverse section, the 
deflection of a beam which has the weight acting at its extremity, is to 
that which has the same weight equally distributed over its length as 
8 to 3, and if the beam is supported at both ends the deflection will be 
as 8 to 5. 

The deflection of a beam fixed at one end, and loaded at the other, 
is four times that of a beam of twice the length supported at both ends, 
, and loaded in the middle with equal weight, when the length and weight 
are both equal, the deflections will be to each other as 1 to 82. 

In practice, observes Mr. TredgoU, the comparative stifihess is of 
more importance than its comparative strength, and in order to preserve 
the same stiffness in beams, it is suggested by Mr. Barlow that the 
depth be increased in the same proportion as the length ; the breadth 
remaining the same. According to Mr. Tredgold the deflection should 
be inversely as the length, and to have the deflection proportional to its 
length, the weight the beam will have to sustain, will be as the breadth, 
and cube of the depth directly, and as the square of the length inversely, 
that is, 



W = 



hd^ 



8 x/« 

Where Z is in feet, b and d in inches, and S the co-efficient for 
comparative stifiness. The co-efficient was calculated according to 

b d * 9 

Tredgold's formula S = J2_— -J— in which he allows ^ J of an inch 

p *> 
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deflection for every foot in the length : 8 is the deflection produced by 
the weight p. 

. For beams supported at both ends. 

To calculate the size of scantlings that will sustain a given weight, 
to find the depth, when the length breadth and weight are given. 

Hulb : — Multiply together the weight, square of the length and the 
co-efficient for comparative stiffness, this product divided by the breadth 
and the cube root of the quotient will be the depth. 

What depth must be given to a Pengaudoo beam, which is 18 feet 
within the supports and 5 inches in breadth to support 600 lbs. The 
co-efficient for comparative stiffncss'is '0093. 

D = ^ ^6i™ imi ^ _ y.jg .^^^^^ . 

To find the breadth b = ^'-? 

EuLE :— Multiply the weight by the square of the length, and that 
again by the co-efficient for comparative stiffness, this product divided 
by the cube of the depth, the quotient will be the breadth. 

What breadth can be given to a Peddowk beam 20 feet within the 
supports, and 9 inches deep to sustain 1,000 lbs? The co-efficient 
for comparative stiffness is*0095. 

6 = iDOo^20.j<^oo95 _ 5.212 inches. 

Wlien the weight is unifoi^y distributed over the length. 
From what has already been stated, that the deflection of a beam 
loaded in the middle, to that which has the load uniformly distributed 
over the length to be as 8 to 5, the general formula becomes modified, 
and is thus expressed. 

6 w _ A rf» . 

What depth can be given to a Saul -wood joist of 15 feet in length 
and 4 inches in breadth to sustain 1,000 lbs? The co-efficient for 
comparative stiffness for Saul is *0094. 

rf = vl -T-'< I'' "^ -oos* 1 = 6-9 inches. 
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ON THE DIMENSIONS OF PILLARS AND COLUMNS, &C. 15 

When the beam is inclined, let (a) denote the angle of inclination. 

d-'^i y '' ^- '''- ^ ) inches. , 

What depth can be given to a Palmy rah rafter 16 feet long, 2 J 
inches broad, to sustain 500 lbs. when the slope is 1 to 1, or an angle 
of 45^? The co-efficient for comparative stiffness for Palmyrah is/0081. 



(2500 -.>\ 

-- ~ X 16 » X 0081 X y 3 I 



rf=^ V% " * =5-67 inches. 



ON THE DIMENSIONS OF PILLARS AND COLUMNS PRESSED. 

IN THE DIRECTION OF THEIR AXIS. 

For Square Pillars. 
■ Rule : — Multiply the weight by the square of the length,^ the pror 
duct divided by 2*6 times the tabular value of E, and the fourth root of 
the quotient will be the side of the square. 

For Cylindrical columns take 1*5 times the tabular value of E and 
a fourth root of the quotient will be the diameter. 

The above rule taken from Barlow's, is acknowledged by him to 
produce results, ** too small to be used in practice. The rule only shows 
** the extreme load that can be supported by a pillar under the theoretical 
" condition, that the pressure exactly coincides with the axis of the pillar." 
*In comparing the result by this rule with that of Mr. Tredgcld's which 
comes nearer to practice, I find that it is nearly one-halJf, and to make 
the result by Mr. Barlow equal to that of the latter author, we have 
only to multiply the fourth root of the quotient by two, and it is observed 
by Mr. Tredgold, that a column, or pillar, should seldom be loaded with 
one-fourth of the weight that would produce sensible flexure. 

Required the side of a square post of Aucha wood, 10 feet in length 
to bear 4 tons, the pressure being in the direction of the axis. 

The value of E for Aucha wood is 4,599, and if d represents the 
side or diameter of the post then 

d-^ ^/«36Xlo- \ X 2 = 5-8 inches. 

V\ 2-5X4,599 / 

Required^ the diameter of a cylindrical post of Satin-wood, 8 feet ia 
length, to bear 3 tons P 

The value of E for Satin-wood is 4,163. 



d= 4/6 ,720x8 \ X 2 = 5-6 inches. 

" V\ 1-5X4163/ 
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16 ON THE MEASUREMENT Of TIMBER. 

ON TiUe MEASUREMENT OF TIMBER. 

The content of timber in log or scantling is calculated and valued 
by the cubic foot, and the pieces are designated, according to the size, 
shape, and its position in the trunk of the tree, by names peculiar to the 
trade, as Loozars, Duggies, Chowkers, Dowkers, Arties, Shinbins, and 
Bindoo planks. 

Loozars are large logs, less than 20 feet in length, roagh squared 
and nearly of the ;fiame breadth and depth throughout. Duggies are 
logs above 20 feet in length and of an irregular breadth and thickness. 
Ghowkers are logs which have the four sides squared. Dowkers are logs 
that have only two sides squared. Arties are centre portions of a log 
with the pith, while the better part of the wood is taken off. Shinbins 
are portions of a log broken lengthwise, of an irregular breadth and 
thickness, fiindoos are planks sawn square to any regular breadth and 
less than 6 inches thick. 

In measuring timber, logs that have their transverse section, a square 
or oblong figure, the breadth and depth should be taken : if they are 
round or nearly so, they should be girted : and when a log is partly 
round, and partly square, or have the angles much rounded off, it is safer 
to girt, than taking the breadth and thickness. In Madras, the native 
timber merchants have a very doubtful way of measuring their timber, 
they apply two straight edged pieces of wood to the sides of the log to be 
measui*ed, and they measare the distance between them, at the upper 
and lower extremities, and the mean of the two measurements is taken 
as the side or diameter of the log. The natives of the Tamil caafce calcu- 
late the content in feet and inches, and the firactieaial parts in eighths and 
sixteenths. On the Malabar Coast, the content is calculated by Koles 
and Vurruls, a Kole is equal to 28 English inches, and a Vurrul is equal 
to l^of an inch. 



SUPERFICIAL CONTENTS. 

The content of boards are reckoned and valued according to the 
superficial feet ; and Sawyer's work is estimated in the same way, a noole 
or line of Sawyers' work is reckoned at 24 superficial feet, charged from 4 
to 6 Annas according to the depth of cut, and the hardness of the wood. 

To find the superficial content of boards, multiply the length by the 
mean breadth : if the dimensions are given in feet, the product will be the 
content in superficial feet: if the length is taken in feet, and the 
breadth in inches, &vide the product by 12 for the content in feet and 



CUBIC CONTBNTS. 17 

inches ; and if the dimenskms are given in inches, cKyide by 144 inches. 
If the board tapers, take the breadth at the two ends, and half the sum 
will be the mean breadth. If it is of an irregular breadth, take several 
breadths, and the sum divided by the number of ^breadths] taken, will 
give the mean breadth* 

What is the value of a Mangoe plank 15^ feet in length and of an 
irregular breadth, measuring 21, 16, 13 and 11 inches at 3 Annas 6 Pice 
per foot? 

21 + 16 + 18 +JU _ ,5j j^^j^^g ^j^^ ^^^ breadth. 

4 

Ft. Ins. Ft. Ins. 
iH xJH_ = 19 8f 



12 

Ft. Ins. A. p. RS. A. p. 

19 _ 8| X 3 6 4—4—117-5 



•» 



eHBIC CONTENTS. 

For Square Timber. 

Rule : — Multiply the length by the breadth and depth, the product 
will be the content in feet, if the dimensions are taken in feet. When 
the length is taken in feet and the breadth and thickness in inches, divide 
the product by 144 for feet, and the remainder, if any, by 12, for inches 
and parts. 

If the log tapers regularly, take the breadth and depth at the two 
ends, and half the sum will be the mean, then proceed as in the rule. 

If the log is of an irregular breadth and thickness, take several 
breadths, the 9uin divided by the number of breadths taken will give 
the mean breadth, do the same for the mean thickness, then proceed 
as in the rule. 

What is the content of a- log 20^ feet in length, the breadth at 
three cK'ffsrent places were IS^ 16 and 13 inches, and the thickness I6„ 
14 and II inches ? 

18+16 + 13 ,,«.,,, , ,^, 

3 =15% inches the mean breadth. 

i«±lJ+Li==i3| inches the mean thickness. 
Ft. In. In. CFt. In. Pts. 

— 14/ — =-Tir=30— 1 — 3f 



18 CUBIC CONTKKT& 

To find the cubic content of round or unsquared timber. 

Bulk : —Multiply the length by the square of the quarter girt, or 
one-fourth of the mean circumference. 

The rule gives a little less than the actual content of the log ; this 
is allowod to purchasers on account of sap-wood, hollows and other de- 
fects which are generally found in round or unsquared timber. 

What is the content of a log measuring 22^ feet in length, having 
a circumference of 53 inches at the greater end, and 33 inches at the 
smaller end 1 

Ins. 

53 
33 

2) 86 

4 )_43 

10} ^= i of the mean circumference. 
lOf 

10q_ 144 ) 25801^ ( 17 
115-2j 144 

221 1140 

38 J 12)132 

If -JT 

^^^ C.P. IMI. PT8. 

230_ Cubic content = 17— 11— O^f 
"2580 if 

When a log does not taper regularly, but is of such a shape (as in 
Fig. 4, Plate 2), several girts will have to be taken as at AB, CD, EF, 
GH, the sum of which divided by the number of girts taken will give the 
mean girt : then proceed as in the rule. 

What is the value of a log measuring 23J feet in length, and 
girting 60, 42, 52, and 30 inches at four different places at 1 Rupee 
8 Anpas per foot I 



CUBIC CONTENTS. 
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In5. 

60 
42 
52 
30 



By Fractions. 



4 ) 184 
4 ) 46 =inetui girt. 

ll^=inean quarter girt. 
Hi 



Ins. 
132i 

_??* 

66i 

5i 
396 
264 



121 

132X = square of mean quarter girt. 



C. F. IN. PTS. 

144)3107 5 ( 21 6 115 
g08 

227 
144 

12 ) 83 

6-11 



By Duodecimals. 



rt. IN. PTS. 

0-11- 6 
0-11- 6 _ 

0-10- 6- 6 
0- 0- 5- 9 

0-11- 0- 3 
2 3- 6- 0- 

21- )- 5- 9 
0^5- 6- 1-6 

Ft. 21- 6-11-10-6 



KS. A. P. 



Inches.. 
Parts... 



.6 

..8" 
2' 
1" 
6 
3"' 
1 
6 



"/ 



H/ 



mi 



= i 

= i 
i 

4 

h 



J -8-0 



21 



31- 8-0 
0-12-0 
0- 1-4 
0- 0-4 
0- 0-2 
0- 0-1 
0- 0-0 J 
0- 0-0 i 
0- O-O5L 



32- 5-1 If 



e.r. INS. PTS. 



*' //// 



21- 6-11-10-6 = cubic content. 



R8. A. p. 

32-5-1 If, the value. 

When a log is crooked or irregular (as in Fig. 5, Plate 2), divide 
it into lengths, find the content of each, and the sum will be the content 
of the log. 



20 CUBIC CONTENTS. 

What is the content of a log ef the following dimensions {see the 
same Fig.) AB 5 feet, BC 8 feet, CD 6 feet, the girt at ah 30 inches, 
cd 16, ef 18, gh 20, and ij 16 inches ? 

Iks. 

a6 = 30 
cd =16 

2 ) 46 mean girt. 

4)23" 
"5-9" 

2-4-9-'"' 
4- 3-9"" 

0.2-9-0-9 
5-0-0-0.0 



Feet 1-1-9-3-9 content of ahdc, 

Ins. 

c/ = 18 
gh= 20 
ij = 16 

3)54 

4)18 





Ins. 




cd 


= 16 




e/ 


= 18 
2)34 
4) 17 

4-3 
4-3 

0-1-5-0-0 
O-O-I-O-S" 






0-1-6-0-9 


, 




8 




1 


1-0-0-6-0 c 


df. 



ru las. Pt>. Th. Fths. 

119 3 9 

10 6 

I« 10 1 6 

**^ Total... g 11 11 5 9 



0- 1-6-0 
0- 0-2-3-0 

0- 1-8-3-0 
6- 0-0-0-0 



0^ 1 0-1-6-0 c<Hrtent oighj i. 



EXPERIMENTS 



ON THB 



ELASTICITY, DIRECT COHESION, AND COMPARATIVE 8TRB.VGTH. 



WITH THE 



CHARACTERISTICS AND USES, 



OF SOMB OF THB 



INDIAN AND BURMAN TIMBERS. 



''There is no branch of Economic Botany reqoiring tlie investigation ef men oi 
science more than the history of Timber trees ; it is lamentable to see talented Botanists 
laboring over the definition of some species or variety possessing no other interest than 
the technical difficulties of its characters ; whilst we are totally ignorant of even the 
names of the plants producing two-thirds of our most valuable Timber and fumitnie 
woods."— Archer's Econ. Botaitt* 
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